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Abstract
Background Public open spaces (POS) can offer various resources to promote visitation and engagement 
in moderate-to-vigorous physical activity (MVPA). However, the influence of seasonal variations and specific 
meteorological conditions on this relationship remains unclear. Thus, this study aims to investigate the effect of 
seasonal variations and specific meteorological elements on different days of the week and times of day on POS use 
and POS-based MVPA in the Brazilian context.

Methods In 2018, repeated measurements carried out in Southern Brazil used a systematic observation to identify 
the presence of users in the POS and their engagement in MVPA. The meteorological elements (temperature, thermal 
sensation, and relative humidity), as well as seasonality (summer, autumn, winter, and spring), were aggregated into 
the observations.

Results A total of 19,712 systematic observations were conducted across nine POS. During these observations, a 
total of 59,354 users were identified. Out of theses, 39,153 (66.0%) were engaged in POS-based MVPA. The presence 
of users was found to be more frequent during the spring season (38.7%) and on weekends (ranging from 37.6 to 
50.1% across seasons). Additionally, user presence was higher in the late afternoon (ranging from 36.4 to 58.2% 
across seasons) and at higher temperatures with lower relative humidity (p-value < 0.001). Regarding POS-based 
MVPA, it was more frequent during the winter season (36.4%) and on weekdays (ranging from 73.2 to 79.9% across 
seasons). Similarly, MVPA was higher in the late afternoon (ranging from 58.3 to 67.5% across seasons) and at lower 
temperatures and thermal sensations (p-value < 0.005).

Conclusions Higher presence of users in POS, as well as their visiting, to practice POS-based MVPA, depending on 
the seasons and specific meteorological elements. By creating infrastructure and conducive conditions, cities can 
encourage individuals to adopt more active and healthy behaviors. These findings emphasize the importance of 
designing urban spaces that promote physical activity and contribute to overall well-being.
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Background
Green spaces are essential to development of well-
planned and sustainable cities by providing suitable areas 
for physical activity, social interaction, and recreation 
[1]. The presence of parks, squares, and attractive urban 
green areas with well-maintained structures encourages 
their regular use [2]. A diverse urban landscape is closely 
linked to the promotion of a healthy lifestyle, contrib-
uting to an improved quality of life for residents [3, 4]. 
Moreover, green spaces in urban centers can play a signif-
icant role in the conservation of natural areas. They also 
contribute to enhancing environmental comfort, aiding 
in urban temperature regulation, while simultaneously 
reducing energy consumption and pollution rates in cit-
ies [5–8].

The utilization of POS is influenced by the conditions 
of the natural environment [9], including seasonal varia-
tions and specific meteorological elements [10]. Extreme 
temperatures, excessive precipitation leading to rain or 
snow, strong winds, and low relative humidity are factors 
that often contribute to reduced utilization of POS and, 
consequently, less engagement in physical activities in 
these places [11–13]. It is worth noting that these charac-
teristics may vary and have diverse relationships depend-
ing on geographical factors and the time of year.

Regions with harsh winters, such as cities in the United 
States and Canada, may deter outdoor physical activ-
ity [14]. The shorter and colder days lead to a reduction 
of approximately 10  min in physical activity engage-
ment [12]. Despite the specific climatic conditions in 
the northern hemisphere these countries offer indoor 
facilities that enable the relocation of activities during the 
winter season. However, access to these facilities is often 
limited to individuals with higher financial resources 
[15]. During winter, women, those engaging in vigorous-
intensity physical activity, and individuals who perceive 
snow or ice as adverse weather conditions tend to prefer 
indoor physical activity. Similarly, during summer, older 
individuals and those who consider rain as an unfavor-
able weather condition also predominantly opt for indoor 
physical activity [14].

In general, the utilization of parks is more frequent 
during the summer season [16], with an increase of 
approximately 1.5  min per day of physical activity in 
outdoor spaces for every 5.5-degree Celsius rise in tem-
perature [12]. However, in Sweden, levels of bicycle usage 
during winter are comparable to those seen in summer, 
with a high likelihood of commuting to work. This phe-
nomenon can be attributed to cultural factors and the 
presence of well-developed infrastructure [17]. In Latin 
America, where tropical and subtropical climates prevail, 

the effects of seasons and meteorological elements are 
expected to differ significantly. High temperatures, par-
ticularly those exceeding 30 degrees Celsius, tend to limit 
the use of open public spaces, especially for children and 
older adults [18].

In recent decades, systematic observation tools have 
been utilized to assess POS in the context of physical 
activity [19]. The System for Observing Play and Rec-
reation in Communities (SOPARC) is one such instru-
ment that evaluates user characteristics and activities 
within POS. It has been widely applied across various 
regions of the world [20], enabling the collection of cli-
mate information through the integration of secondary 
data sources, including seasonal variations, temperature, 
thermal sensation, and relative humidity in the assessed 
areas. However, there is a limited number of studies that 
have explored seasonality and meteorological elements 
across different populations while considering contextual 
factors such as structural characteristics, types of spaces, 
and commonly performed activities within these places. 
This scarcity is particularly prominent in Latin Ameri-
can countries. Among 34 studies that utilized SOPARC, 
only one conducted in North American was addressed 
the impact of seasonality [21], and when this theme is 
explored, POS are often not considered as the primary 
unit of analysis [15]. There is a pressing need for inves-
tigations that contextualize and harmonize these factors, 
facilitating the restructuring of public resources based 
on prevalent climate conditions in a given region. Such 
efforts can provide opportunities for physical activity and 
foster active engagement of the population in utilizing 
urban spaces.

Thus, this study aims to investigate the effect of seasons 
variations and specific meteorological elements on a dif-
ferent day of the week and time of day on POS use and.

POS-based MVPA in the Brazilian context.

Methods
Study design and location
A repeated systematic observation analysis was con-
ducted, measuring the same locations at four different 
times of the year. The data were collected during visits to 
the public open spaces in Florianopolis, Brazil, in 2018. 
Florianopolis is the capital of the state of Santa Catarina, 
located in the coastal part of the Southern Region of Bra-
zil. It has a territorial area of 675.409 km2 [22] and an 
estimated population of 492.977 inhabitants; 14.1% aged 
less than 12 years, 13.6% between 13 and 20 years old, 
60.4% between 21 and 59 years old, and 11.5% aged 60 or 
over [23]. The city has a high Human Development Index 
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- HDI (Florianopolis = 0.847; Brazil = 0.765) [24], and a 
moderate Social Inequality Index (Gini of 0.5474) [25].

Public open spaces (POS)
POS are defined as areas within the urban environment 
that encompass a variety of resources, which are acces-
sible to the community for recreation and fun purposes 
[26]. To identify all potential POS, we consulted informa-
tion provided by the Municipal Health Department of the 
city. A total of 374 sites were identified, geocoded, visited, 
and evaluated through systematic observation. Among 
them, 214 POS met the adopted definitions and fea-
tured at least one leisure facility for physical activity [2]. 
From this group, nine POS formed the analytical sample 
as they fulfilled specific criteria. These criteria included 
being open to the public, have at least five facilities for 
physical activity, being available in all regions of the city 
(north, south, east, continent, and city center), repre-
senting different economic strata based on the average 
per capita income of surrounding residences, and rep-
resenting areas with higher residential density. Income 
information (low < R$1886.12 and high > R$1922.67) and 
residential density [23] were obtained by creating a buffer 
(circle) with a radius of 500 m from the central point of 
each POS.

Identification of the target observation areas
The nine POS selected were visited. The target areas 
identified as having potential resources for being used for 
the practice of physical activity were mapped and defined 
as the unit of analysis of this study. With the purpose of 
improving the description of the characteristics of the 
target areas, each one was evaluated through system-
atic observation by using the Physical Activity Resource 
Assessment (PARA) [27] in its version adapted for the 
Brazilian context [28, 29]. PARA is an audit instrument 
used to identify and evaluate resources available for phys-
ical activity, amenities, and incivility items. It utilizes a 
Likert scale ranging from 0 to 3 points, where: a) ‘0’ rep-
resents absence, b) ‘1’ represents presence but with poor 
quality (not suitable for use), c) ‘2’ represents presence 
with average quality (usable but requiring improvement), 
d) ‘3’ represents presence with good quality (in good con-
dition). The instrument calculates the average quality of 
physical activity structures, the average quality of ameni-
ties, and subtracts it from the average quality of incivility 
[30].

Observation of the target areas
In order to evaluate the use of the POS, the SOPARC was 
used. SOPARC was developed and validated to assess the 
characteristics of park users. In addition, it allows assess-
ing is accessible (e.g. not locked or rented to others), 
usable (e.g. is not excessively wet or windy), supervised 

(e.g. by official personnel), organized activities (e.g. team 
sporting event), and equipped (e.g. removable balls avail-
able) in the target area [20].

It is based on momentary time sampling techniques 
through which systematic and periodic observations of 
the predetermined areas, named as observation target 
areas, are carried out [20]. The observation was carried 
out from left to right by using a code system to measure 
the presence, gender (male and female), age group (chil-
dren, adolescents, adults, the elderly), and the physical 
activity of each individual is coded as sedentary (i.e., lying 
down, sitting, or standing), walking (moderate), or vig-
orous in the target area. This process is called scanning. 
Each scan was performed in a specific way for each group 
so that it was possible to obtain the levels of physical 
activity in a specific way for each of these characteristics, 
thus, with a total of eight scans per target area. In order 
to facilitate the scanning and recording of information, 
mechanical counters were used with the data being sub-
sequently transferred to a paper form.

Training of the observers
For calibration purposes, all nine evaluators who par-
ticipated in data collection were given 10 h of theoretical 
training and practical activities in the field by specialists 
in evaluation through SOPARC [20, 31]. After the train-
ing stage, only the observers with adequate reproduc-
ibility (ICC > 0.90) were considered able to perform data 
collection.

Evaluation periods
All the target areas of the 9 POS were assessed in sum-
mer (March), autumn (May), winter (July) and spring 
(November), 2018. In each season, over the course of a 
week, each POS was assessed over three days; two days 
were during the week (Tuesday and Thursday) and one 
at the weekend (Saturday or Sunday). On each day, the 
evaluation took place in four moments (07:00 am, 11:00 
am, 1:00 pm, and 5:00 pm). Four observations of each 
target area were carried out in a period of one hour with 
intervals of approximately 15 min between each observa-
tion. There was no data collection in rainy days, given the 
impact on the reduction of users in the POS.

Seasonality and meteorological elements
Seasonality was defined according to the period of the 
year in which data collection was carried out (summer: 
from December 21st to March 20th ; autumn: from 
March 21st to June 20th ; winter: from June 21st to Sep-
tember 20th ; spring: from September 21st to Decem-
ber 20th ). The temperature meteorological elements (in 
degrees Celsius), thermal sensation (in degrees Celsius) 
and relative humidity (%) were obtained simultaneously 
with the systematic observation of each target area at the 
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Information Center for Environmental Resources and 
Hydrometeorology in Santa Catarina – EPAGRI/CIRAM. 
The relative humidity is an atmospheric element that 
refers to the saturation of water present in the air [32]. 
The thermal sensation is the apparent temperature felt by 
the exposed skin due to the combination of air tempera-
ture and wind speed [32]. All measurements of the atmo-
spheric elements were collected in the initial periods of 
observation in each target area and were continuously 
used during the analysis.

All process was approved by the Ethics Committee in 
Research Involving Human beings of the Federal Uni-
versity of Santa Catarina and adopted the Declaration of 
Helsinki.

Statistical analysis
The analysis of the systematic observations on the rela-
tive frequency of the users in the POS was applied in 
order to describe the sample, in addition to assessing the 
quantitative presence of users in such places. Logistic 
regression models were created to assess the associations 
among the seasonality, the presence of the users and their 
engagement in moderate-to-vigorous physical activity 
(MVPA). Finally, linear regression was performed to ana-
lyze the association among meteorological elements, the 
presence of users and the practice of MVPA by applying 
the Durbin-Watson test so as to calculate the autocorre-
lation in the residuals, as well as the ‘F’ test to identify the 
model degrees of freedom. The analysis was performed 
by using SPSS Inc. software (version 25; Chicago, IL) with 
a significance level of 5%.

Results
This study assessed nine POS with an average size of 
818 m². These POS were situated in an area comprising 
approximately 2,551.9 residences, with an average per 
capita income of approximately R$2,004.00. A total of 
77 target areas were observed, averaging 8.5 per POS. 
The availability of resources varied, with exercise sta-
tions (100%), such as courts, walking paths, and play-
grounds (89.9%), being the most common, followed by 
lawns (33.3%) and skate tracks/slacklines (11.1%). Most 
of the target areas were usable (98.3% ), easily accessible 

(99.8%), and rarely dimly lit (0.3%). The majority of these 
areas were unoccupied (64.9%) and only a small per-
centage were supervised (8.9%), organized (0.5%), and 
equipped (0.3%) at the time of observations.

A total of 19.712 systematic observations were car-
ried out, and 59.354 users were identified in the POS. 
A higher frequency of the users was observed in spring 
(38.1%; OR: 1.29; CI95%: 1.19–1.41) and winter (36.4%; 
OR: 1.14; CI95%: 1.05–1.25), when compared to summer. 
Considering the users engaged in MVPA, it was seen 
that winter (67.7%; OR: 1.37; CI95%: 1.30–1.44), autumn 
(66.7%; OR: 1.20; CI95%: 1.14–1.27) and spring (65.4%; 
OR: 1.21; CI95%: 1.16–1.28) were the most frequent sea-
sons, when compared to summer (Table  1; Fig.  1). Two 
additional files about Fig. 1 shows this in more detail [see 
Additional files 1 and 2].

A higher presence of users was observed on weekends 
compared to weekdays (p < 0.001) across all seasons. 
However, engagement in MVPA was more frequent on 
weekdays (p < 0.001), with a higher frequency of prac-
tice in winter (79.9%). The most frequent time slot for 
user presence across all seasons was the late afternoon, 
specifically between 5 and 6 p.m. It is worth noting that 
summer had the highest number of observations (58.2%). 
Regarding individuals engaged in MVPA, there were 
more users in the morning, particularly between 7 and 
8 a.m., across all seasons, but with a higher frequency in 
winter (88.9%) - see Fig. 1.

The mean temperature recorded was 20.0 degrees Cel-
sius (SD: 7.0), while the temperature sensation was 22.4 
degrees Celsius (SD: 8.4). The relative humidity aver-
aged 68.6% (SD: 18.9). Each degree increase in tempera-
ture was associated with presumed increase of 0.07% 
(p < 0.001) in the number of users in the POS. In contrast, 
each degree increase in temperature was associated with 
a decrease of -0.81% in the number of users engaging in 
MVPA (p = 0.013). In terms of thermal sensation, each 
degree rises in temperature was associated with a 0.05% 
increase (p < 0.001) in the number of users in the POS, 
while each degree increase was associated with a -0.92% 
decrease (p < 0.001) in the number of users practicing 
MVPA. Higher relative humidity values were linked to a 
lower presence of users in the POS (β=-0.119%; p < 0.001), 

Table 1 Association among seasonality, presence and observation of the users who practice POS-based MVPA
Seasonality Category Presence†

59,354 (34.0%)
MVPA‡

39,153 (66.0%)
% OR (IC95%) % OR (IC95%)

Season Summer 33.2 1 63.9 1

Autumn 32.1 0.94 (0.86 − 1.03) 66.7 1.20 (1.14 − 1.27)*
Winter 36.4 1.14 (1.05 − 1.25)* 67.7 1.37 (1.30 − 1.44)*
Spring 38.7 1.29 (1.19 − 1.41)* 65.4 1.21 (1.16 − 1.28)*

POS: Public open space; MVPA: Moderate-to-vigorous physical activity POS-based; OR: Odds ratio; CI95%: Confidence interval of 95%; †: model adjusted according 
to the weekday and period of the day; ‡: model adjusted according to gender, age group, weekday and period of the day*: value of p < 0.001
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Fig. 1 Presence of users in POS and practice of POS-based MVPA according to seasonality in (A) seasons of the year, (B) weekday and (C) time of day. 
Florianopolis, Brazil, 2018. (n = 9 POS; n = 19,712 observations; n = 59,354 observed users). Note: The analysis of figures ‘A’, ‘B’ and ‘C’ showed a statistically 
significant association, with a p value of p < 0.001; A: association among seasons; B: association among the weekdays per season; C: association among 
the periods of the day per season. For more details, see Supplementary Materials 1 and 2; POS: Public open space; MVPA: Moderate-to-vigorous physical 
activity
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but this was not statistically associated with the number 
of users engaging in MVPA. Additional information and 
detailed analysis regarding Fig. 2 can be found in an addi-
tional file [see Additional file 3].

Discussion
The primary objective of this study was to examine the 
influence of seasons and specific meteorological factors 
on the utilization of POS and engagement in POS-based 
MVPA in the Brazilian context. Over the past decade, 
the prevalence of leisure-time physical activity in Flori-
anopolis, located in southern Brazil, has witnessed an 8% 
increase [33]. Notably, the presence of high-quality POS 
throughout the city has contributed significantly to this 
positive trend [2]. However, there is still substantial room 
for further improvement, particularly by considering fac-
tors that may influence human behavior, such as climate-
related features that can impact health, economy, and 
culture within urban environments [34].

The utilization of a systematic observation method 
in an environmentally-focused longitudinal study, 
combined with the monitoring of meteorological ele-
ments across the four seasons, represents an innovative 
approach within the Latin American context. The study’s 
findings revealed that user presence was more prevalent 
during spring, on weekends, in the late afternoon, and 
under higher temperature and thermal sensation con-
ditions, while also being associated with lower relative 
humidity. Conversely, engagement in MVPA was more 
frequent during winter, on weekdays, in the late after-
noon, and under lower temperature and thermal sensa-
tion conditions. These findings highlight the complex 
interplay between environmental factors and human 
behavior about physical activity patterns.

A higher number of users in the POS was observed 
during spring and winter, which aligns with similar find-
ings reported in Canada and the United States [35, 36]. 
This highlights that seasonal variation has an impact on 
visitation patterns to outdoor spaces, with temperature 

Fig. 2 Presence of users in POS and practice of POS-based MVPA according to meteorological elements of (A) temperature, (B) thermal sensation, and 
(C) relative humidity. Florianopolis, Brazil, 2018. (n = 9 POS; n = 19.712 observations; n = 59.354 observed users). Note: The analysis of figures ‘A’, ‘B’ and ‘C’ 
showed a statistically significant association (p < 0.05), except to relative humidity and MVPA combination; For more details, see Supplementary Material 
3; POS: Public open space; MVPA: Moderate-to-vigorous physical activity
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being one of the determining factors. The Universal Ther-
mal Climate Index suggests that in subtropical climates 
characterized by high annual temperature fluctuations 
and evenly distributed rainfall, thermal comfort in open 
areas is typically experienced within the range of 15ºC to 
24ºC [37]. This finding supports the results of the current 
study, which identified average temperatures of 17.9 and 
22.2 °C during winter and spring, respectively. Given that 
climate variability has a significant influence on human 
well-being [38], it is understandable that users prefer sea-
sons with milder temperatures. However, it is crucial to 
consider the regional temperature variations within each 
country, particularly in a continental country like Brazil, 
when devising infrastructure and urban management 
strategies to mitigate the impact of extreme tempera-
tures on visitation to POS and PA levels due to thermal 
discomfort [39]. Furthermore, another factor to be con-
sidered, especially during periods or in areas with high 
temperatures, is air pollution, which contributes to lower 
rates of healthy behaviors in urban environments [40].

The period of visitation to the POS was not found to 
be related to the different seasons of the year. The major-
ity of users visited the POS on weekends and in the late 
afternoon, with summer being the season when the high-
est number of users was observed, particularly between 
5 p.m. and 6 p.m. This pattern of visitation is consistent 
with findings from other contexts, as studies in South 
Korea and Germany have also identified a high num-
ber of users in open spaces during weekends [41, 42]. 
The preference for weekend visitation can be attributed 
to people having more leisure time available during this 
period, as they are less burdened by work tasks. This 
increased availability allows individuals to engage in 
activities of their choice and spend time with friends and/
or family in open environments, especially in natural sur-
roundings [43]. Additionally, a study conducted in China 
demonstrated that the time of highest user presence in 
open spaces is influenced by both seasonal variations and 
the time of day. In summer, the preferred visitation times 
were between 8 and 9 a.m. and 6–7 p.m. during which 
the sunlight intensity is lower, contributing to improved 
thermal comfort and enjoyment of outdoor activities 
[44].

During the systematic observations, average tempera-
tures of 20.0ºC, a thermal sensation of 22.4ºC, and a 
relative humidity of 68.6% were recorded. These values, 
collected at specific periods, align with the annual aver-
age for 2018 in Florianopolis [45]. There is evidence sup-
porting the correlation between these meteorological 
elements and increased presence of users in open spaces. 
It was observed that visitation was stimulated when pre-
cipitation levels were below 20  mm, average tempera-
tures ranged from 15–16ºC, and humidity was below 60% 
during spring [1]. Additionally, for trail users, optimal 

meteorological conditions were found to be maximum 
daily temperatures between 16 and 22 °C, while tempera-
tures above 31  °C significantly decreased participation 
in this recreational activities in POS [13]. These findings 
suggest a linear relationship to some extent between tem-
perature and user engagement. Enhancing the utilization 
of POS during higher temperatures could be achieved 
through redesigning the resources within and surround-
ing the POS, taking into account aspects such as acces-
sibility, connectivity, and the combination of land use to 
create activity-friendly environments [40, 46].

A significant proportion of users (66%) engaged in 
MVPA within the POS, highlighting the opportunities 
that these spaces offer for active lifestyles [47]. Various 
characteristics, including accessibility, safety for intergen-
erational coexistence [48], and proximity to open spaces 
(within 800  m) [47], are likely to encourage users to 
engage in MVPA. It is noteworthy that weekdays consis-
tently appear more attractive for MVPA, regardless of the 
season. While literature specifically addressing the rela-
tionship between the four seasons and MVPA is limited, 
similar results have been observed during the European 
summer [42] and winter [49]. This finding can be partly 
explained by the combination of proximity between resi-
dences and open spaces [42], as well as the presence and 
quality of green areas and resources that promote MVPA, 
even considering the demands of a large urban center 
[49]. Florianopolis, being an island metropolis with 214 
POS, 111 of which have a good quality index, featuring 
comfortable amenities, low incivility, and 53.6% of the 
equipment for PA in good condition [2], creates favorable 
conditions for the population living in close proximity to 
these spaces to engage in MVPA as part of their daily rou-
tines. Moreover, the lower proportion of users engaging 
in MVPA on weekends within the POS may be attributed 
to the utilization of passive recreation time, contempla-
tion, relaxation, social interactions with friends and fam-
ily, or engaging in light physical activities such as walking 
[42, 43].

The findings of this study also revealed that the practice 
of MVPA in the POS was more common during the early 
hours of the day and in winter, followed by spring and 
autumn. This pattern may be attributed to the thermal 
comfort provided by the specific meteorological condi-
tions associated with each season [14, 50]. A climatologi-
cal survey conducted in Florianopolis between 1991 and 
2020 [45] indicated that the sky was predominantly 
overcast throughout the year, with the shortest duration 
of sun exposure occurring during winter (156.7  h), fol-
lowed by spring (163.9 h), autumn (173.2 h), and summer 
(185.7 h). Furthermore, the seasons with the fewest rainy 
days (precipitation > 1  mm) were autumn (average: 18.8 
days) and winter (average: 21.2 days), while spring and 
summer had a higher number of rainy days, averaging 
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around 34 days. These data suggest that meteorologi-
cal elements and seasonality have an impact on MVPA 
engagement, particularly during periods of the year char-
acterized by milder temperatures, thermal sensation, and 
relative humidity. Therefore, it is important to empha-
size the consideration of the natural environment [9] in 
studies exploring human behavior in relation to physical 
activity [12].

The study findings indicate that an increase in tem-
perature and thermal sensation had a noticeable impact 
on a small proportion of users engaging in POS-based 
MVPA. Heat stress has been shown to significantly affect 
the intensity of physical activity [51, 52]. In regions with 
a subtropical climate characterized by hot and humid 
summers, the reduction in basal metabolic rate leads 
to a decrease in the number of individuals engaging in 
outdoor activities [51, 53], particularly when the tem-
perature exceeds 33ºC [53]. Conversely, in regions with 
subarctic climates characterized by harsh winters and 
short, cold summers [54], as well as in oceanic temper-
ate climates with cool summers and cold winters [55], 
an increase in temperature may facilitate PA. However, 
in areas where high temperatures hinder engagement in 
PA, it is crucial to invest in urban designs adapted to this 
reality. Measures such as planting trees to provide shade 
and installing covered drinking fountains and gym equip-
ment can help reduce thermal discomfort, enhance sat-
isfaction, and attract people to engage in PA even during 
warmer and less humid seasons [51].

We should mention some limitations regarding the 
interpretation of the results. Firstly, the SOPARC method 
categorizes PA levels into three broad categories: seden-
tary behavior, walking for leisure, and MVPA [20]. This 
categorization does not allow for the assessment of activ-
ity duration, making it challenging to conduct a detailed 
analysis of behavior. In future studies, incorporating 
objective measures of physical activity could provide a 
clearer understanding of users’ behavior in the POS [56]. 
Secondly, it is possible that some individuals entered or 
left the target area between scans or that their identifica-
tion was obscured by other users in crowded areas, lead-
ing to difficulties in observation during certain periods 
[20]. Furthermore, we cannot confirm whether POS use 
is carried out by the same people at different times or are 
different people. However, it is important to note that the 
longitudinal design of the study, conducted in a city with 
a high Human Development Index (HDI) [24] situated in 
an upper-middle-income country in Latin America [57], 
provides a comprehensive perspective on the relation-
ships examined.

Conclusions
Our findings reveal intriguing patterns in the use of 
POS and engagement in PA in Latin-American context. 
We discovered that POS visits are more frequent during 
spring, on weekends, in the late afternoon, and under 
favorable weather conditions such as higher tempera-
tures and thermal sensations, along with lower humidity. 
On the other hand, engagement in POS-based MVPA is 
more common in winter, on weekdays, in the late after-
noon, and at lower temperatures and thermal sensations. 
These insights emphasize the importance of considering 
the complex interplay between cities, human behavior, 
and the natural environment when designing sustainable 
urban spaces. Understanding meteorological elements 
and seasonality is key to developing effective public poli-
cies that enhance POS infrastructure and encourage user 
presence and active lifestyles.

To create inviting environments for citizens through-
out the year, it is essential to prioritize the creation of 
tree-lined, safe, and comfortable spaces in parks, squares, 
and urban green areas. These spaces should be equipped 
with amenities that mitigate extreme weather conditions, 
ensuring that individuals can engage in PA and enjoy the 
benefits of a healthy lifestyle on a daily basis. By incor-
porating these findings into urban planning and design, 
we can foster active communities, improve public health, 
and create vibrant and sustainable cities.

Abbreviations
PARA  Physical Activity Resource Assessment
POS  Public Open Spaces
MVPA  Moderate-to-Vigorous Physical Activity
SOPARC  System for Observing Play and Recreation in Communities

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12966-023-01521-2.

Additional file 1. Association between the seasonal factors and the pres-
ence of the users in the POS, stratified by seasons.

Additional file 2. Association between the seasonal factors and the POS-
based MVPA stratified according to the seasons.

Additional file 3. Association among meteorological elements with pres-
ence of users in POS and the POS-based MVPA.

Acknowledgements
There are no acknowledgements to report.

Authors’ contributions
CRR led the research and developed the survey questions. CRR and GCBA 
were responsible for data collection. CRR and AASL conducted the data 
analysis. CRR, AASL, CESG, VNZ interpreted the results and wrote the 
manuscript with contributions from JP and AAFH. All authors critically 
evaluated and approved the final manuscript.

Funding
Not applicable.

https://doi.org/10.1186/s12966-023-01521-2
https://doi.org/10.1186/s12966-023-01521-2


Page 9 of 10Rech et al. International Journal of Behavioral Nutrition and Physical Activity          (2023) 20:124 

Data Availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
There are no competing interests to report.

Author details
1School of Sports, Federal University of Santa Catarina, R. Eng. 
Agronômico Andrei Cristian Ferreira, s/n - Trindade,  
Florianópolis 88040-900, SC, Brazil
2State University of Santa Catarina. R. Pascoal Simone, 358 - Coqueiros, 
Florianópolis 88080-350, SC, Brazil
3Medical and Life Science School, Pontifical Catholic University of Parana, 
Curitiba. R. Imac. Conceição, 1155 - Prado Velho, Curitiba 80215-901, PR, 
Brazil
4Observatory for Urban Health, Federal University of Minas Gerais, Av. 
Pres. Antônio Carlos, 6627 - Pampulha, Belo Horizonte 31270-901, MG, 
Brazil

Received: 31 January 2023 / Accepted: 26 September 2023

References
1. Guan C, Song J, Keith M, et al. Seasonal variations of park visitor volume and 

park service area in Tokyo: a mixed-method approach combining big data 
and field observations. Urban for Urban Green. 2021;58:126973.

2. Manta SW, Lopes AAS, Hino AAF, Benedetti TRB, Rech CR. Open public spaces 
and physical activity facilities: study of systematic observation of the environ-
ment. Rev Bras Cineantropom Desempenho Hum. 2018;20:445–55.

3. Reuben A, Rutherford GW, James J, Razani N. Association of neighborhood 
parks with child health in the United States. Prev Med. 2020;141:106265.

4. Yigitcanlar T, Kamruzzaman MD, Teimouri R, Degirmenci K, Alanjagh FA. 
Association between park visits and mental health in a developing country 
context: the case of Tabriz, Iran. Landsc Urban Plan. 2020;199:103805.

5. Kijung K, Changhyo Y, Seungil L. Impact of urban characteristics on cooling 
energy consumption before and after construction of an urban park: the case 
of Gyeongui line forest in Seoul. Energy Build. 2019;191:42–51.

6. Xing Y, Brimblecombe P. Role of vegetation in deposition and dispersion of air 
pollution in urban parks. Atmos Environ. 2019;201:73–83.

7. Cheung PK, Jim CY, Siu CT. Effects of urban park design features on sum-
mer air temperature and humidity in compact-city milieu. Appl Geogr. 
2021;129:102439.

8. Xing Y, Brimblecombe P. Urban park layout and exposure to traffic-derived air 
pollutants. Landsc Urban Plan. 2020;194:103682.

9. Bauman AE, Reis RS, Sallis JF, et al. Correlates of physical activity: why are 
some people physically active and others not? Lancet. 2012;380:258–71.

10. Turrisi TB, Bittel KM, West AB, et al. Seasons, weather, and device-measured 
movement behaviors: a scoping review from 2006 to 2020. Int J Behav Nutr 
Phys Act. 2021;18:24.

11. Elliott LR, White MP, Sarran C, et al. The effects of meteorological conditions 
and daylight on nature-based recreational physical activity in England. Urban 
for Urban Green. 2019;42:39–50.

12. Welch WA, Spring B, Phillips SM, Siddique J. Moderating Effects of 
Weather-Related factors on a physical activity intervention. Am J Prev Med. 
2018;54:e83–9.

13. Paudyal R, Stein TV, Adams KCB. Effects of weather factors on recreation par-
ticipation in a humid subtropical region. Int J Biometeorol. 2019;63:1025–38.

14. Wagner AL, Keusch F, Yan T, Clarke PJ. The impact of weather on summer and 
winter exercise behaviors. J Sport Health Sci. 2019;8:39–45.

15. Tucker P, Gilliland J. The effect of season and weather on physical activity: a 
systematic review. Public Health. 2007;121:909–22.

16. Kabisch N, Kraemer R, Masztalerz O, Hemmerling J, Püffel C, Haase D. Impact 
of summer heat on urban park visitation, perceived health and ecosystem 
service appreciation. Urban for Urban Green. 2021;60:127058.

17. Chapman D, Larsson A. Practical urban planning for winter cycling; lessons 
from a swedish pilot study. J Transp Health. 2021;21:101060.

18. Kabisch N, Kraemer R. Physical activity patterns in two differently charac-
terised urban parks under conditions of summer heat. Environ Sci Policy. 
2020;107:56–65.

19. Joseph RP, Maddock JE. Observational Park-based physical activity studies: a 
systematic review of the literature. Prev Med. 2016;89:257–77.

20. McKenzie TL, Cohen DA, Sehgal A, Williamson S, Golinelli D. System for 
Observing Play and Recreation in Communities (SOPARC): reliability and 
feasibility measures. J Phys Act Health. 2006;Suppl 1:S208–22.

21. Evenson KR, Jones SA, Holliday KM, Cohen DA, McKenzie TL. Park characteris-
tics, use, and physical activity: a review of studies using SOPARC (System for 
Observing Play and Recreation in Communities). Prev Med. 2016;86:153–66.

22. IBGE. Instituto Brasileiro de Geografia e Estatística. Áreas Territoriais. https://
www.ibge.gov.br/geociencias/organizacao-do-territorio/estrutura-
territorial/15761-areas-dos-municipios.html?=&t=sobre. Accessed 22 Set 
2022.

23. IBGE. Instituto Brasileiro de Geografia e Estatística. Censo 2010. https://
censo2010.ibge.gov.br/. Accessed 3 Aug 2022.

24. United Nations Development Program Atlas of human development in Brazil. 
Profile: Florianopolis, Brazil. http://www.atlasbrasil.org.br/ranking. Accessed 
29 Aug 2022.

25. United Nations Development Programme. Relatório Nacional de Desen-
volvimento Humano do Brasil., 2017. https://www.undp.org/pt/brazil/
publications/relat%C3%B3rio-nacional-de-desenvolvimento-humano-do-
brasil-2017. Accessed 29 Aug 2022.

26. Koohsari MJ, Mavoa S, Villanueva K, et al. Public open space, physical activity, 
urban design and public health: concepts, methods and research agenda. 
Health Place. 2015;33:75–82.

27. Lee RE, Booth KM, Reese-Smith JY, Regan G, Howard HH. The Physical Activity 
Resource Assessment (PARA) instrument: evaluating features, amenities and 
incivilities of physical activity resources in urban neighborhoods. Int J Behav 
Nutr Phys Act. 2005;2:13.

28. Silva I, Mielke G, Nunes B, et al. Public open spaces in Pelotas (Brazil): distribu-
tion, quality and suitability for physical activity practice. Rev Bras Ativ Fis 
Saúde. 2015;20:82–2.

29. Vieira MC, Sperandei S, Reis A, Silva CGT. An analysis of the suitability of 
public spaces to physical activity practice in Rio de Janeiro, Brazil. Prev Med. 
2013;57(3):198–200.

30. Lee RE, Mama SK, Adamus-Leach HJ, Soltero EG. Contribution of neigh-
borhood income and access to quality physical activity resources to 
physical activity in ethnic minority women over time. Am J Health Promot. 
2015;29(4):210–6.

31. Cohen DA, Setodji C, Evenson KR, et al. How much observation is enough? 
Refining the administration of SOPARC. J Phys Act Health. 2011;8:1117–23.

32. EPAGRI. Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Cata-
rina. Tempo e Clima. 2018. https://ciram.epagri.sc.gov.br/index.php/solucoes/
tempo-e-clima/. Accessed 3 Aug 2022.

33. Bastone A, de Moreira C, de Vasconcelos B. Time trends of physical activity 
for leisure and transportation in the brazilian adult population: results from 
Vigitel, 2010–2019. Cad Saude Publica. 2022;38:e00057222.

34. IPCC. The Intergovernmental Panel on Climate Change. Global Warming 
of 1.5 oC. 2018. https://www.ipcc.ch/site/assets/uploads/sites/2/2022/06/
SR15_Full_Report_HR.pdf Acessed 23 out 2022.

35. Jones B, Scott D. Climate Change, Seasonality and Visitation to Canada’s 
National Parks. J park Recreat admi. 2006; 24(2).

36. Roemmich JN, Johnson L. Seasonal alterations in Park Visitation, Amenity Use, 
and physical activity — grand Forks, North Dakota, 2012–2013. Prev Chronic 
Dis. 2014;11:E155.

37. Rossi FA, Krüger EL, Bröde P. Definição de faixas de conforto e desconforto 
térmico para espaços abertos em Curitiba, PR, com o índice UTCI. Volume 12. 
Ambient constr; 2012. pp. 41–59.

38. Bernard P, Chevance G, Kingsbury C, et al. Climate Change, Physical Activity 
and Sport: a systematic review. Sports Med. 2021;51:1041–59.

39. Arifwidodo SD, Chandrasiri O. Urban heat stress and human health in Bang-
kok, Thailand. Environ Res. 2020;185:109398.

https://www.ibge.gov.br/geociencias/organizacao-do-territorio/estrutura-territorial/15761-areas-dos-municipios.html?=&t=sobre
https://www.ibge.gov.br/geociencias/organizacao-do-territorio/estrutura-territorial/15761-areas-dos-municipios.html?=&t=sobre
https://www.ibge.gov.br/geociencias/organizacao-do-territorio/estrutura-territorial/15761-areas-dos-municipios.html?=&t=sobre
https://censo2010.ibge.gov.br/
https://censo2010.ibge.gov.br/
http://www.atlasbrasil.org.br/ranking
https://www.undp.org/pt/brazil/publications/relat%C3%B3rio-nacional-de-desenvolvimento-humano-do-brasil-2017
https://www.undp.org/pt/brazil/publications/relat%C3%B3rio-nacional-de-desenvolvimento-humano-do-brasil-2017
https://www.undp.org/pt/brazil/publications/relat%C3%B3rio-nacional-de-desenvolvimento-humano-do-brasil-2017
https://ciram.epagri.sc.gov.br/index.php/solucoes/tempo-e-clima/
https://ciram.epagri.sc.gov.br/index.php/solucoes/tempo-e-clima/
https://www.ipcc.ch/site/assets/uploads/sites/2/2022/06/SR15_Full_Report_HR.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2022/06/SR15_Full_Report_HR.pdf


Page 10 of 10Rech et al. International Journal of Behavioral Nutrition and Physical Activity          (2023) 20:124 

40. Sharifi A. Co-benefits and synergies between urban climate change 
mitigation and adaptation measures: a literature review. Sci Total Environ. 
2021;750:141642.

41. Kim J, Thapa B, Jang S, Yang E. Seasonal spatial activity patterns of visitors 
with a Mobile Exercise Application at Seoraksan National Park, South Korea. 
Sustainability. 2018;10(7):2263.

42. Bertram C, Meyerhoff J, Rehdanz K, Wüstemann H. Differences in the recre-
ational value of urban parks between weekdays and weekends: a discrete 
choice analysis. Landsc Urban Plan. 2017;159:5–14.

43. Baur JWR, Gómez E, Tynon JF. Urban Nature Parks and Neighborhood Social 
Health in Portland, Oregon. J. park recreat. admi. 2013; 31(4).

44. Li K, Zhang Y, Zhao L. Outdoor thermal comfort and activities in the urban 
residential community in a humid subtropical area of China. Energy Build. 
2016;133:498–511.

45. INMET. Instituto Nacional de Meteorologia. https://portal.inmet.gov.br/. 
Accessed 16 Sep 2022.

46. Sugiyama T, Francis J, Middleton NJ, Owen N, Giles-Corti B. Associations 
between recreational walking and attractiveness, size, and proximity of 
Neighborhood Open Spaces. Am J Public Health. 2010;100:1752–7.

47. Han B, Cohen D, McKenzie TL. Quantifying the contribution of neighborhood 
parks to physical activity. Prev Med. 2013;57:483–7.

48. Han S, Song D, Xu L, et al. Behaviour in public open spaces: a systematic 
review of studies with quantitative research methods. Build Environ. 
2022;223:109444.

49. Keskinen KE, Gao Y, Rantakokko M, Rantanen T, Portegijs E. Associations of 
Environmental features with Outdoor Physical Activity on Weekdays and 
Weekend Days: a cross-sectional study among older people. Front Public 
Health. 2020;8:578275.

50. Ramírez PC, Camargo DM, Quiroga V. Physical activity in outdoor gym users 
in Bucaramanga, Colombia. Eur J Physiother. 2017;19:54–5.

51. Niu J, Xiong J, Qin H, et al. Influence of thermal comfort of green spaces on 
physical activity: empirical study in an urban park in Chongqing, China. Build 
Environ. 2022;219:109168.

52. Obradovich N, Fowler JH. Climate change may alter human physical activity 
patterns. Nat Hum Behav. 2017;1:0097.

53. Lanza K, Gohlke J, Wang S, Sheffield PE, Wilhelmi O. Climate change and 
physical activity: ambient temperature and urban trail use in Texas. Int J 
Biometeorol. 2022;66:1575–88.

54. Aspvik NP, Viken H, Ingebrigtsen JE, et al. Do weather changes influence 
physical activity level among older adults? – the Generation 100 study. PLoS 
ONE. 2018;13:e0199463.

55. Prins RG, van Lenthe FJ. The hour-to-hour influence of weather conditions on 
walking and cycling among dutch older adults. Age Ageing. 2015;44:886–90.

56. Besenyi GM, Kaczynski AT, Stanis SAW, Vaughan KB. Demographic varia-
tions in observed energy expenditure across park activity areas. Prev Med. 
2013;56:79–81.

57. The World Bank. World Bank Country and Lending Groups. Brazil. https://data.
worldbank.org/country/brazil.Accessed 21 Sep 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://portal.inmet.gov.br/
https://data.worldbank.org/country/brazil
https://data.worldbank.org/country/brazil

	How do the year’s seasons and specific weather indices affect physical activity and the patterns of use of public open spaces in the Brazilian context?
	Abstract
	Background
	Methods
	Study design and location
	Public open spaces (POS)
	Identification of the target observation areas
	Observation of the target areas
	Training of the observers
	Evaluation periods
	Seasonality and meteorological elements


	Statistical analysis
	Results
	Discussion
	Conclusions
	References


